The influence of maternal smoking the nutrient content of breastmilk and impact on infant longitudinal growth rate is unknown. From birth, 23 smoking (S), (7.1 ± 4.4 cigarettes/day) and 23 non-smoking (NS) mother-infant pairs were followed. The breastmilk volume by deuterium dilution, zinc (Zn), copper (Cu), and iron (Fe) in breastmilk and hair by atomic absorption (AAS) and cotinine levels by radio-immuno-analysis (RIA) were evaluated. Birthweight was similar in contrast to height, and infants grew normally. Height and height-for-age (ZHA) were significantly lower in S infants and weight-for-height (ZWH) was higher in S infants in the third month, caused by slower height growth. Cotinine was 19 times greater in the S mothers and six times higher in their infants, as compared to NS group. Breastmilk volume was 743 ± 119 g/day (S) and 742 ± 111 g/day (NS), with no difference in zinc, copper, iron contents, except for cadmium (Cd). In infant's hair, all minerals were higher in the S group. Smoking affected infant's height during breastfeeding, attributed to an eventual impaired bioavailability of essential nutrients.
The effects of smoking on infant growth and maternal health, as well as other effects of smoking on later morbidity have been previously studied [1] . Smoking was found to alter body composition, as well as lowering the level of prolactine at the end of pregnancy, which has implications for lactation [2] . A recent paper showed the effect of smoking on growth until the third month in a smaller sample from this same study [3] , while another study showed the effect of passive smoking in infants of non-smoking mothers, but with other smoking residents in their house [4] . Using the precise dose-to-mother deuterium dilution methodology, mothers who smoked produced significantly less milk at one month, which correlated with a slower rate of birth [5] at that age. This study investigated the concern that smoking could not only affect birthweight, but also that it could inhibit height growth due to the presence of cadmium in tobacco, which could impair zinc bioavailability.
Subjects and methods

Subjects
Mothers from low socioeconomic status were contacted after delivery in a hospital in the South-East health region of Santiago (Sotero del Rio). The mothers were invited to participate after verifying their maternal normal nutritional status and their infant's birthweight (3,000-4,000 g), that they were not taking any medication or had other factors thay affect normal lactation, their intention to breastfeed for at least three months. The study was thoroughly explained to the mother and written acceptance was required. Smoking mothers were selected with similar characteristics and a minimum of five cigarettes daily during pregnancy and lactation. After a careful screening of smoker mothers and infants, a sample of 23 pairs of smoking mothers and their infants (S) plus 23 non-smoking mothers (NS) and their infants were selected.
Methods
Infants were measured in their homes monthly until they were three months old. (A SECA balance was used
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When the infant was one month old, breastmilk production was measured using the dose-to-infant deuterium dilution methodology. A dose of 0.2g/kg of 99.9% of deuterium oxide was administered to the infants, after collecting a basal urine sample of 3 ml. At one month of age, urine samples were collected on days 1 to 8 after dosing, by a cotton layer over the diaper and careful extraction of the urine. Mothers were well-trained to collect urine samples, but to assure the validity of the milk measurement, the field worker personally collected samples during the first two days and the final two days of the sampling protocol. Mothers were interviewed on their infants' additional fluid intake. Samples were frozen at -20°C until measurement at the Institue of Nutrition and Food Technology (INTA), in a Europa Scientific HYDRA continuous flow IRMS (Crewe, Manchester, UK).
Hair from both the mother and infant were collected carefully at the first month, from the underneath hair in the back of the head, and stored immediately in sealed plastic bags at room temperature. The mother collected milk from 6 to 8 feedings during one day, 2 ml before and after each feed on one breast; and samples were pooled in one tube to perform micronutrient analysis (copper, zinc, and iron) by AAS (atomic absorption spectrophotometry). The first part was done at INTA, and cadmium was measured at the Department of Nutrition, Faculty of Medicine, University of Chile.
Results
A description of the subjects (mother/infant) at birth is shown in table 1. The characteristics of the subjects were similar except for the levels of smoking and cotinine as well as the infant's birth height
The infant growth and cotinine levels at one month of age are shown in table 2. Weight was higher in nonsmokers, but it was not significantly different. Height was significantly different from birth (table 1). Cotinine levels were statistically different at the first month, and increased with time in smokers, ratifying a tendency of mothers to smoke more, as lactation progressed. Levels of zinc, copper, and cadmium in infant's hair are shown in table 3. There were significant differences in zinc, copper, and cadmium levels between smokers and non-smokers, being higher in hair of infants of smokers. The fact that infants of non-smoker's have cadmium in their hair may be linked eventually to passive smoking.
The maternal levels of zinc, copper, and cadmium are shown in table 4. Maternal copper concentrations did not differ, which agreed with the normal nutritional status of the mothers. Levels of cadmium and zinc in hair differed between the two groups; low levels could be also attributable to passive smoking.
The accumulation of cadmium in the infant at the first month is probably due to in utero contamination and direct and passive ways [6] ; the effect of passive smoking in the infants of non-smokers is also noticeable. After weaning, infants from smoking mothers ceased to receive cadmium from maternal milk.
Milk production was determined in part of the sample (13 non-smokers and 12 smokers), and showed no significant differences between smokers and nonsmokers.
In figure 1 the Z scores for weight-for-age (WA), height-for-age (HA), and weight-for-height (WH) are shown. Height-for-age was significantly greater in infants of non-smokers from birth to three months of age ( fig. 1b ). Weight-for-height becomes significantly different in infants of smokers at the third month, mainly due to the deficit in height growth.
Discussion
Smoking affects the growth in the infant's height, due to the transfer of cadmium by tobacco smoke. Chronic contamination of cadmium is known to be caused by smoking or consumption of shellfish; although the placenta and breast present a barrier, cadmium has been shown to alter the cadmium:zinc and cadmium: copper ratios in fetal blood, as there is evidence that cadmium is preferably attached to α-lactalbumin or low molecular weight fractions in breastmilk [7, 8] . The most important interactions occur between cadmium and zinc and some results indicate disturbances of the metabolism of zinc, copper, and iron, especially when administered at low dose [6] . Accumulation of cadmium in the liver and kidney will also increase zinc levels in these organs due to binding to metallothionein. Our hypothesis is that this binding may alter the supply and bioavailability of zinc of infants of smokers during breastfeeding, altering growth in height significantly. Other studies have demonstrated widespread ossification retardation and marginal bone loss due to smoking in animal experiments and human adults [9, 10] . A possible interaction between calcium and cadmium may be a plausible cause. Both factors are linked to longitudinal growth during gestation and early growth.
Smoking has been shown to transiently affect growth in height preferentially during the period of breastfeeding. This may be due to eventual cadmium transfer by milk, produced by tobacco inhaled by the mother. In other studies cadmium altered zinc and copper metabolism, and zinc in particular, has an important role in longitudinal growth. The campaign carried out by the Ministry of Health should include the effects of the interference of toxic elements in infants' health and growth.
Future studies should look into the impact of cadmium in preferential binding of zinc by metallothionein, relating it to linear growth of infants of smokers' for longer periods. To further understand these mechanisms, the placental transfer of micronutrient and toxic elements should also be studied, as well as other factors such as calcium availability, to assess the joint contribution from gestation and during lactation.
